Introduction
Interest in organic nanoparticles is rapidly growing in the scientific community as it is now clear their potential impact in several attractive economic fields, in special their applications as pharmaceutically active organic compounds (Chen & Zhang, 2006) , printing inks (Magdassi & Moshe, 2003) and color filters (Miyashita et al., 2008) . Accordingly, a recent report published in BBC Research estimated that by 2015 the global demand for nanorelated goods could be higher than US$ 2.4 trillion (McWilliams, 2010) . Moreover, the author predicted that the economic power of the nanotechnology industry could be greater than those attained almost a decade ago by both the telecommunication and information technology industries. It is thus hardly surprising that chemical industries need new and reliable methods directed to the production of organic nanoparticles. Furthermore, sizes of prepared organic nanocrystals must be carefully controlled as the properties of materials are strongly dependent on the size of the particles of the materials (Auweter et al., 1999; Burda et al., 2005; Horn & Rieger, 2001) . Methods used for the preparation of organic nanoparticles are primarily based on either precipitation, milling, or through chemical reaction techniques. Unfortunately, the former two techniques proved to be less attractive in manufacturing organic nanosized materials, as milling techniques rely on applying an extremely high mechanical energy on the system leading to structural changes of the crystal (Bilgili et al., 2006; Peters, 1996) ; and synthetic approaches are based on considerable exhaustive, and therefore time consuming synthetic routes (Spatz et al., 1999; Sugimoto et al., 2002) . As a consequence, methods which rely on solubility changes to induce nanoparticle formation are lately becoming more attractive. Among these methods (Frendler, 1987; Hayashi et al., 2007; Ibanez et al., 1998; Kasai et al., 1992; Kasai et al., 1996) , a simple and convenient technique proved to be particularly effective for the preparation of organic nanoparticle dispersion, the so-called "reprecipitation method" (Kasai et al., 1992; Kasai et al., 1996) .
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In the reprecipitation method, a dilute solution of a target compound prepared on a watersoluble organic solvent is injected into vigorously stirred water as a poor solubility medium. As the organic solvent disperses, the sudden change in the solubility of the target compound causes it to precipitate in the form of dispersed nanoparticles in an aqueous medium. The reprecipitation method has the advantage of producing nanodispersed systems under mild conditions, a great benefit when considering that the vast majority of organic compounds are thermally unstable. The physical properties of nanoparticles differ significantly from those of their related bulk crystals due to the changes in lattice state caused by an increase in the surface area of nanoparticles, and consequently, to lattice softening (Masuhara et al., 2002) . It is believed that the lattice softening results in weaker interaction between adjacent molecules, ultimately resulting in wider band gaps (Masuhara et al., 2002) . For that reason it is no surprise that a technique employed for organic nanoparticles formation must be able to precisely control the size of prepared crystals. Even though there is vast literature available on the size-controlled formation, characterization, and application of a wide variety of nanoparticles, little attention has been paid to the kinetics of organic nanosized crystal growth; in particular, little is known about nucleation, as it is experimentally difficult to investigate such a phenomenon given the time frame of the process. Tiemann and coworkers systematically studied the early stages of nanoparticle growth (Tiemann et al., 2005; Tiemann et al., 2006; Tiemann et al., 2008) unfortunately, their investigations were restricted to inorganic nanoparticles, which as previously stated, indicates the limited understanding of organic nanoparticles when compared with their inorganic counterpart. Following the initial work by Van Keuren et al. on the kinetics of the formation of organic nanocrystals (Van Keuren et al., 2001 ), Mori and coworkers were able to directly observe the formation of organic nanoparticles by the reprecipitation method using stopped-flow UVVisible absorption spectroscopy . Authors quantitatively demonstrated that the kinetics of the reprecipitation process is governed by the classical nucleation theory (Chaikin & Lubensky, 1995; Debenedetti et al., 1996; Kashchiev & van Rosmalens, 2003; Laaksonen et al., 1995) . Essentially, the classical nucleation theory states that nucleation succeeds through a supersaturated solution, where nuclei are formed by monomers clustering one molecule at a time to a single cluster. This seminal work conducted by Mori and colleagues is of utmost importance as it correlated for the first time the mechanism of the reprecipitation process and a known nucleation model. However, it is not yet clear whether such a model can be used to explain the reprecipitation mechanism for a wider class of systems undergoing nanocrystallization. To better comprehend the mechanism of organic nanoparticle formation (and hence, control such formation), the classical nucleation theory must be tested to determine whether it can explain changes in nanocrystallization kinetics while varying several parameters of the reprecipitation method. In this chapter, the stopped-flow UV-Visible absorption spectroscopy technique will be used to systematically investigate the growth of several organic nanoparticles in the millisecond time regime and assert if the kinetics of the nanoparticle formation process obeys the classical nucleation theory. Of utmost importance is not only to control organic nanocrystal formation, but also to precisely manipulate sizes of produced nanocrystals. Unfortunately no literature report shows the use of organic molecules as additives to induce size-controllable nanocrystallization of a desired organic compound. It will also be addressed in this chapter 167 a novel technique to fabricate organic nanocrystals (here, perylene nanocrystals) with different sizes by employing N,N'-bis(2,6-dimethylphenyl)-3,4,9,10-perylenedicarboxyimide, or simply DMPBI, as an additive in the reprecipitation method. The choice of DMPBI as the additive to study the changes induced in the reprecipitation process of perylene was due to the structural similarity between both organic compounds, i.e., perylene and DMPBI. By monitoring the formation of perylene nanoparticles with the aid of stopped-flow UV-Visible absorption spectroscopy, results suggest that DMPBI molecules act as seeds in the nucleation process, allowing for seed-mediated perylene nanosized crystal growth, increasing nanocrystallization rates, and thus, altering the size of the prepared nanoparticles.
Experimental procedure
The sizes of perylene nanoparticles were obtained using the JEOL JSM-6700F scanning electron microscope (SEM) instrument, and the Malvern ZetaSizer Nano-ZS dynamic light scattering (DLS) technique. UV-visible absorption spectroscopy was performed using a Unisoku RSP-1000 stopped-flow spectrometer designed with a photodiode array detector. In order to simulate the reprecipitation method, the injected solution should be fixed at different ratios (Kasai et al., 1992; Kasai et al., 1996) ; therefore, a mixing ratio of 1:9 (water soluble solvent: water) was achieved by employing two syringes of different sizes. For each run, 41 L (target compound in organic solvent) and 342 L (water) were mixed in a spherical mixer and then used to fill a rectangular observation chamber (1 mm optical path length cell). Changes in absorbance were monitored every millisecond for a total of 500 ms. The dead time of the instrument was calculated to be about 4 ms (Tonomura et al., 1978) . All collected data were referenced against those of purified water. Fig. 1 shows the UV-visible absorption spectra acquired with the stopped-flow instrument, where 0.10 mmol L -1 perylene dissolved in acetone was mixed with water and its absorption spectra were measured for 500 ms at 1 ms intervals (for clarity, only spectra obtained during the first 200 ms were plotted). Observation of the figure shows a clear pattern concerning the time-resolved absorption spectra of perylene, that is, the disappearance of the absorption band at 405 and 432 nm is occurring as a new absorption band centered at 448 nm is being formed. Earlier studies focused on the preparation of organic nanoparticles showed there is a red-shift in the perylene absorption band when nanocrystals were formed though the reprecipitation method (Kasai et al., 1992; Kasai et al., 1996) . Authors concluded that the observed re-shift was due to the formation of aggregated species (An et al., 2002; Fu & Yao, 2001; Kang et al., 2007; Van Keuren et al., 2008; Wang et al., 2005) . One can thus fairly assume that the increase in the intensity of the 448 nm band is due to the generation of perylene nanoparticles, while the decrease in the intensity of both the 405 and 432 nm band corresponds to the disappearance of perylene monomers. Also, it is important to point out the existence of an isosbestic point at 444 nm, indicating that only two species with distinct absorption properties are present in the mixture, that is, perylene monomers and perylene nanocrystals. Using the data shown in the figure, it is possible to calculate the rate constant of nanoparticle formation by either the rate of increase in the area of the nanoparticle band (at Wavelength, nm 400 450 500 550
Results and discussion
Absorbance, a.u. The latter band at 432 nm will be used throughout this chapter to calculate nanocrystallization rates because, as seen in the figure, the intensity of such band is much higher than the intensity of the nanoparticle band (and of the 405 nm band), and therefore, m o r e a c c u r a t e d a t a i s e x p e c t e d t o b e o b tained. The Fig. 1 inset shows the intensity absorbance decay at 432 nm as a function of time during the first 50 ms after reprecipitation, corresponding to perylene monomers consumption. Calculation of rate of perylene nanoparticle formation is defined as the inverse of the time for the monomer absorbance to decrease to 1/e from its initial absorbance . It is important to point out that the formation of perylene nanocrystals by the reprecipitation method is completed within tens of milliseconds. A key parameter in understanding the nanocrystallization mechanism of organic compounds is the supersaturation ratio, defined as C/C e , where C is the initial target compound concentration and C e is the solubility of that target compound in the water/organic solvent mixture. Therefore, one can change the type of target compound, the type of solvent, temperature, and concentration in order to gain better insight into the reprecipitation process. With that in mind, perylene solutions were prepared at three different concentrations (0.05, 0.1, and 0.2 mmol L -1 ) and their time-resolved absorbance spectra measured every 5 degree Celsius from 5 to 50 o C. After spectral acquisition, the rate of nanoparticle formation at each concentration and temperature was calculated on the basis of the decrease in the intensity of the 432 nm monomer peak (as described above). Fig. 2 shows the rates of nanoparticle formation plotted against temperature for the three distinct perylene concentrations. In the figure, each data point is the average of three individual rate constant determinations.
Temperature, Classical nucleation theory predicts that at high supersaturation ratios, molecules will rapidly aggregate and crystal growth will occur at a higher rate through the aggregation of the nucleated particles (Kashchiev & van Rosmalens, 2003) . Moreover, the nanoparticle growth process is associated with a decrease in monomer concentration; as a consequence, additional amount of the organic compound must be added or temperature must be reduced to sustain supersaturation. Consequently, as temperature increases, nanoparticle formation rate decreases (at higher temperatures the solubility of the target compound in water increases), which leads to a decrease in supersaturation ratio and ultimately to a decrease in the rate. Classical nucleation theory also predicts increasing critical nucleus size with increasing temperature, so that the formation of stable nuclei becomes increasingly harder at elevated temperatures. Such a phenomenon, accompanied by the higher cluster diffusivities at elevated temperatures, will result in lower rates of nanoparticle formation, as seen in Fig. 2 . The distinctive pattern observed in Fig. 2 (lower nanoparticle formation rates at higher concentrations) is thus in agreement with the classical nucleation theory.
After the dependence of perylene nanoparticle formation as a function of concentration and temperature was successfully obtained and correlated with the classical nucleation theory, studies with other types of low-molecular-weight aromatic compounds shall provide additional information on the nanocrystallization mechanism of organic materials. Hence, the nanoparticle formation processes for anthracene and benzo[a]pyrene were also evaluated using the stopped-flow apparatus. Fig. 3 shows the temporal evolution absorption spectra obtained with the stopped-flow system for anthracene [ Fig. 3(A) ], and benzo[a]pyrene [ Fig. 3(B) ]. Both compounds were dissolved in acetone (0.1 mmol L -1 ) and mixed with purified water in a 1:9 volume ratio. For simplicity, only the spectra acquired during the first 200 ms at 1 ms intervals were plotted. Similarly as observed with perylene ( Fig. 1 ), anthracene and benzo[a]pyrene shows strong time-dependent absorption spectra. The spectra of anthracene [(Fig. 3(A) ] are marked by a decrease in the intensities of the absorption peaks at 338 and 356 nm (anthracene monomers), and by the formation of an absorption peak at 396 nm (anthracene nanoparticles). In addition, the absorption monomer peak at 376 nm gradually vanishes and blue shifts to a new anthracene nanoparticle peak at 371 nm. The time-dependent absorption spectra of benzo[a]pyrene [ Fig. 3(B) ] follow similar behavior, i.e., monomer bands at 363 and 384 nm decrease in intensity, accompanied by an increase in the intensity of the absorption peak at approximately 398 nm, the benzo[a]pyrene nanoparticle band. Even though nanoparticle formation of anthracene and benzo[a]pyrene through the reprecipitation method was previously studied (Chung et al., 2006) , no studies accounted the kinetics of the process. After confirmation that such nanocrystallization indeed occurs (illustrated on Fig. 3 ), further kinetic insight can be achieved if, as previously performed, the rate of nanoparticle formation is studied as a function of temperature. Fig. 4 shows such data for anthracene and benzo[a]pyrene, as well as for perylene (replotted from Fig. 2 ). Nanocrystallization rate was calculated on the basis of the 384 and 356 nm peak decays, for benzo[a]pyrene and anthracene, respectively. Each displayed data point is an average of three separate rate determinations. As observed in the figure, the rate of nanoparticle formation is clearly dependent on the type of target organic compound and the temperature of the process.
Temperature, It was previously stated that supersaturation ratio is a key parameter for understanding rates of nanocrystal formation. As supersaturation ratio is a function of organic compound solubility, the trend observed in Fig. 4 can be explained by correlating the solubility in water of the three organic compounds with their corresponding formation rates. Being perylene the least compound soluble in water [4.2 x 10 -10 moles/L (Eisenbrand et al., 1970) ] it will have the highest supersaturation ratio, and consequently the highest nanoparticle formation rate. In contrast, anthracene, the most soluble in water [2.4 x 10 -7 moles/L (Eisenbrand et al., 1970) ], will have the lowest supersaturation ratio and thus the lowest nanocrystallization rate. Possessing solubility between those of the two compounds, benzo[a]pyrene [(2.0 x 10 -9 moles/L (Eisenbrand et al., 1970) ] is expected to have an intermediate supersaturation ratio and hence an intermediate formation rate, as consistently observed in Fig. 4 . Examining the temperature influence on nanocrystallization rates, the solubility of benzo[a]pyrene increases nearly fivefold when the system is heated from 20 to 35 o C, namely from 2.0 x 10 -9 moles/L (Eisenbrand et al., 1970 ) to 1.1 x 10 -8 moles/L (Blyshak et al., 1989) . Interestingly, for organic molecules with a higher water solubility (i.e., anthracene), the effect of temperature is even higher. At 35 o C, the solubility of anthracene is 3.5 x 10 -7 moles/L (Blyshak et al., 1989) , which is one order of magnitude higher than that of benzo[a]pyrene at an equivalent temperature, and thus nanoparticle formation is observed at a considerable lower rate, as shown in Fig. 4 . Since the effects of concentration and solubility on nanocrystallization rates of organic materials turned out to be in accordance with the classical nucleation theory, the solvent on which organic compounds are dissolved can be varied to test its affect on nanocrystallization rates. Accordingly, perylene was dissolved in two other water miscible solvents, namely, ethanol and tetrahydrofuran (THF) and compared to results previously obtained with acetone as the solvent. Perylene solution of 0.1 mmol L -1 was prepared in both solvents, and by using the stopped-flow instrument, perylene nanoparticle formation rate was calculated and plotted in Fig. 5 . Perylene 0.1 mmol L -1 in acetone was replotted from (Fig. 4) . Analysis of Fig. 5 shows, as previously observed in Fig. 4 , that the dependence of rate of perylene nanoparticle formation on a given parameter (here the type of water-soluble solvent) is considerable strong. Consequently, on the basis of the classical nucleation theory, it is presumed that the same parameter can be used in understanding both results, i.e., solubility.
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The solubilities of perylene in ethanol, acetone, and THF were experimentally determined by UV-visible spectroscopic analysis to be 3.7 x 10 -4 , 4.1 x 10 -3 , and 2.8 x 10 -2 moles/L, respectively. As shown in Fig. 5 , the rate of perylene nanocrystal formation is in accordance with the solubility of perylene in an organic solvent, that is, the rate increases in the order from the solvent where perylene is most soluble (THF) to the solvent where it is least soluble (ethanol). Bearing in mind that a fixed volume ratio of 1:9 (organic solvent: water) is used when injecting the perylene solution into the aqueous system, it is expected that the solubility of perylene in water will increase as the solubility of perylene in the organic solvent increases, as a consequence of the organic solvent acting as a solubilizing agent (Nyssen et al., 1987 ). This in turn leads to low supersaturation rates and thus low nanocrystallization rates, as observed in the THF system. Indeed results presented in Figs. 2, 4 and 5 indicate that indeed organic nanocrystal formation follows the classical nucleation theory. Although it is tempting to conclude that the classical nucleation theory can be used to comprehensively describe organic material nanocrystallization, such proposal is considered to be over simplistic, as it does not take into account several other factors. As an example, a study conducted by Chung and coworkers shows the effect of organic solvent dielectric constant on the reprecipitation method (Chung et al., 2006) . Authors demonstrated that cluster concentrations are higher for solvents with larger dielectric constants, because of better organic solvent dispersibilities of such solvents in water. Therefore, the solubility of organic solvent in water may have a prominent effect on the rate of nanocrystallization, as a result of the fast mixing between the two phases. The dielectric constants of ethanol, acetone, and THF are 24.6, 20.7, and 7.6 (Vogel et al., 1996) , respectively (at room temperature). Fig. 5 shows the rates to be in accordance with the dielectric constants; ethanol, having the largest dielectric constant, offers a faster transport for perylene molecules to get in contact with the water phase (i.e., highest cluster concentrations) and thus the highest rates. Moreover, the similarity between the nanoparticle formation rates observed when perylene is dissolved in ethanol and acetone is better explained when taking dielectric constant into account. As the solubility of perylene in ethanol is one order of magnitude lower than that in acetone, one would expect the formation rate of perylene to be considerably higher than that shown in Fig. 5 , which could be associated with the similar dielectric constants of the two solvents. Despite the unfortunate lack of studies concerning the mechanism of nanosized organic crystal formation, it could be quantitatively suggested here that the kinetics of the nanoparticle formation process for several types of aromatic organic compounds under several different experimental gross conditions obeys the classical nucleation theory ). However, for practical purposes, as important as understanding the mechanism of nanocrystal formation it is the capacity to manipulate its size. The reprecipitation method has already been subject to several studies focused on the fabrication of size-controllable organic nanoparticles. Among the main parameters which can be controlled in order to manipulate the size of nanoparticles, concentration of the target compound (Katagi et al., 1996) , medium temperature (Kasai et al., 1998) , and also applied microwave irradiation (Baba et al., 2007) were found to be the most effectives. Now, a novel method to fabricate organic nanocrystals (exemplified by perylene) with different sizes by employing N,N'-bis ( 2,6-dimethylphenyl ) -3,4,9,10 -perylenedicarboxyimide (DMPBI) as an additive in the reprecipitation method is addressed in the remaining of this chapter. It was found that adding DMPBI to a solution of perylene led to changes in its nanoparticle formation rate when undergoing reprecipitation in water. Fig. 6 shows the time resolved absorption spectra of 0.20 mmol L -1 perylene in acetone with the addition of 10% (0.02 mmol L -1 ) DMPBI. It is seen that the basic features of perylene monomer disappearance and nanocrystal appearance are consistent with those illustrated in Fig. 1 ; also, no shift in either absorption bands is noticed. However, it is observed that monomer molecules are consumed faster, which indicates that the nanocrystallization of perylene is occurring at higher rates with the presence of 10% added DMPBI. Such statement can be readily reached by comparing the insets in Figs. 1 and 6 , where a steeper decrease in the intensity of the 432 nm peak shown in Fig. 6 indicates faster rates of perylene monomer consumption in the presence of DMPBI.
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Absorbance, a.u. Since the decrease in the intensity of the 432 nm band is used for nanoparticle formation rate calculation, the time resolved absorption spectra of DMPBI cannot be overlapping, and hence interfering, with that spectral region. To determine whether that is the case, Fig. 7 was plotted to visualize the temporal evolution absorption spectra obtained with the stoppedflow system for DMPBI (0.10 mmol L -1 ) after reprecipitation in water. For reasons of simplicity, it is only plotted the spectra acquired during the first 200 ms at 1 ms intervals. The absorption spectra for DMPBI, as seen in Fig. 7 , is also strongly time dependent. Although a strong variation is noticed during the first tens of milliseconds after the mixing with water, a decrease in the area of the monomer band followed by an increase in the area Wavelength, nm 400 450 500 550 600 650 700
Absorbance, a.u. (Fig. 1) , anthracene or benzo[a]pyrene (Fig. 3) . Both absorption bands at 494 and 531 nm display similar behavior, that is, absorption monomer peaks are gradually disappearing and red shifting to a new DMPBI nanoparticle band. Calculation of DMPBI nanoparticle formation rate is an arduous task to accomplish because the decay in the intensity of absorbance is particularly low in magnitude. More importantly, the nanoparticle absorption band is created while overlapping with the monomer band, being those absorption maxima only a few nanometers apart. Consequently, kinetics decay curves necessary for the calculation of nanoparticle formation rates cannot be precisely isolated, and thus, obtained time decay curves are not suitable for accurate and reliable rate determination. Observation of Fig. 7 clearly indicates that the DMPBI absorbance pattern does not interfere with perylene molecules absorbance (Fig. 1) , especially at the 432 nm spectral range which is used for calculation of perylene nanocrystallization rates. As a result, rate constant calculation at 432 nm can be assigned solely to perylene molecules, and thus, the presence of DMPBI molecules in the reaction environment seems to accelerate rates of perylene nanocrystallization. In order to confirm if DMPBI is indeed responsible for the faster rate of perylene nanocrystal formation, a set consisting of seven solution of 0.20 mmol L -1 perylene in acetone with various amount of added DMPBI was prepared. Exact compositions of such solutions are displayed in Table 1 Table 1 had its corresponding UV-visible absorption spectrum obtained with the stopped flow system after reprecipitation with water. Fig. 8 shows absorption spectra for the 7 solutions measured during the first 500 ms after mixing with water at 1 ms intervals; spectra A-F in the figure corresponds to solutions with 1 to 30% added DMPBI, respectively. The first solution shown on the table, i.e., 0% DMPBI, was not plotted on Fig. 8 as it is displayed in Fig. 1 . It is readily observed from the decrease in the intensity of the 432 monomer peak that perylene undergoes nanocrystallization regardless of the DMPBI percentage in solution. Also, the intensity and shape of the 432 nm peak is clearly varying with addition of DMPBI. More importantly, inset in each graph indicates that perylene monomers are faster consumed in solution as the DMPBI concentration increases, acknowledged by steeper curve decays of the 432 monomeric peaks. Intriguingly, when comparing not each individual absorbance spectrum for each solution as demonstrated on Fig. 8 , but the initial and final absorbance of the perylene monomer peak, the 432 nm band, an interesting trend is immediately recognized. In Fig. 9 , the 432 nm absorbance values at t = 0 ms (first measured absorbance value) and t = 500 ms (final acquired absorbance value) were plotted for all seven solutions of perylene with added DMPBI. It is clear that the intensity of the 432 nm peak decreases as the addition of DMPBI Fig. 8 . Time-resolved absorption spectra of perylene in acetone after reprecipitation in water with 1%, 2%, 5%, 10%, 20%, and 30% added DMPBI (A -F, respectively). Refer to Table 1 . Initial (t = 0 ms) and final (t = 500 ms) absorbance values at 432 nm for 0.2 mmol L -1 perylene in acetone mixed in water with 0%, 1%, 2%, 5%, 10%, 20%, and 30% added DMPBI increases, more importantly, the initial value at 0 ms is progressive reaching lower absolute values as the DMPBI percentage raises from 0 to 30 percent. Because the concentration of perylene is fixed at 0.20 mmol L -1 for every solution, the initial measured absorbance value is expected to be constant throughout the addition of DMPBI, since as previously discussed in Fig. 7 , there is no contribution in the 432 nm spectra range due to the presence of DMPBI. The fact that the initial absorbance value is constantly decreasing with rising additive concentration is a straightforward indication that DMPBI is causing the nanocrystallization process to occur at faster rates. As stated, the dead time of the stopped flow instrument is 4 ms, which means that the initial absorbance value is actually collected 4 ms after mixing the perylene/DMPBI solution with water. For that reason, the decline in initial absorbance values are believed to be due to reactions manifesting at faster nanocrystallization rates, for perylene monomer molecules are progressively consumed at accelerated rates during the 4 ms necessary for the stopped flow initial measurement. As previously performed on Figs. 2, 4 and 5, rates of perylene nanocrystal formation were calculated using the 432 nm peak decay. Undoubtedly, the formation of perylene nanoparticles by the reprecipitation method is occurring at higher rates as the concentration of DMPBI in solution increases. It should be pointed out that in Fig. 8 -F (30% DMPBI addition), the 432 nm perylene monomeric peak decay has a relative low intensity, leading to larger calculated errors on its formation rate, as illustrated in Fig. 10 -A. In fact, standard deviations for calculated rates of perylene nanoparticle formation were not higher than 10% when the concentration of DMPBI was kept under 20 percent. However, at 30 percent DMPBI addition, standard deviation from three individual measurements was nearly 20%. The high errors associated with nanocrystallization rates at higher DMPBI percentages prompted experiments to be maintained at DMPBI concentrations not higher than 0.06 mmol L -1 , i.e., 30 percent. The direct correlation between nanoparticle formation rates and nanoparticle sizes, makes it clear that addition of DMPBI to perylene solutions not only alters nanocrystallization rates, but is also an elegant way to manipulate sizes of perylene nanoparticles produced by the reprecipitation method, easily observed on Fig. 10-B . Comparing graphs A and B in Fig. 10 , one notices that sizes of perylene nanoparticles are inversely proportional to added DMPBI concentration. When no DMPBI molecules are added to the system, perylene nanocrystals are reprecipitated with a mean size of 466.5 nm; in contrast, the addition of 30 percent DMPBI (refer to Table 1 for solution information) leads to a decrease in perylene mean particle size to about 115.1 nm. It was suggested here that the kinetics of organic compounds'nanoparticle formation is in accordance with the classical nucleation theory. Nanoparticle formation rates of perylene, anthracene and benzo[a]pyrene (Figs. 2, 4, and 5) were calculated in solutions constituted of solvent and solute molecules only, going through what was previously named "homogeneous nucleation" (Kashchiev & van Rosmalens, 2003) . In contrast, "heterogeneous nucleation" (Kashchiev & van Rosmalens, 2003) takes place in solutions having impurity molecules and/or foreign substrates that provide centers for nucleation to occur. In accordance, the introduction of DMPBI molecules, a foreign particle different from the nucleating crystalline phase, is sought to offer active centers for the heterogeneous nucleation of perylene nanoparticle to occur during the reprecipitation method. It was formerly showed that at a given supersaturation level, homogeneous nucleation take place at lower rates than heterogeneous nucleation (Sear, 2007) since the presence of foreign substrates can act as nucleation-active centers which in turn could facilitate and thus accelerate the nucleation process. At higher nucleation rates, larger number of cluster (nuclei) are formed in solution and consequently there are less dissolved monomers available in solution for particle growth, ultimately leading to smaller sized particle. Indeed Fig. 10 seems to indicates that DMPBI molecules indeed play the role of nucleationactive centers; indicated by the increase in nanocrystallization rates ( Fig. 10-A) , and consequently to the decrease in nanoparticle sizes ( Fig. 10-B) . Thus, it is clear that the addition of DMPBI to an organic compound solution in order to alter nanocrystallization rates is an effective method to manipulate sizes of organic nanocrystals produced by the reprecipitation method (Oliveira et al., 2010 ). An appropriate analogy for the role of DMPBI in organic nanoparticle formation is the extensive use of seeds in the fabrication of metallic nanoparticles, in which small metal particles are initially prepared to be later employed as "seeds" for the fabrication of larger size particle. Such process is commonly referred to "seeding growth method" (Kan et al., 2003; Yong et al., 2006) , where the desired nanoparticle size can be successfully controlled by varying the ratio of seed to metal salt. In comparison, the size of prepared organic nanoparticles by the reprecipitation method seems to be controlled by simply altering the organic nanoparticle to foreign substrate (DMPBI) ratio.
To confirm nanoparticle sizes determined by DLS on Fig. 10 -B, and to investigate the morphological difference in perylene nanocrystals with the addition of DMPBI, scanning electron microscopy (SEM) images were obtained for nanocrystals prepared using the stopped flow apparatus in both the presence and absence of DMPBI molecules. Fig. 11 displays SEM images of perylene nanocrystals without the addition of the organic additive, as well as with the addition of 1, 5, and 30 percent DMPBI (A-D respectively). Crystal sizes observed by SEM are similar to the average sizes obtained by DLS measurements, suggesting no association between dispersed perylene nanoparticles. Furthermore, the increasing addition of DMPBI to perylene solutions not only altered its nanocrystal size, but also modified its morphology. Spherical and cylindrical shaped nanocrystals could be seen even at 5 % DMPBI addition (Fig. 11-C) , ultimately becoming the prominent shape at 30 % organic additive addition (Fig. 11-D) . 
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Conclusion
Collectively, it has been demonstrated that the stopped-flow UV-Visible absorption spectroscopy technique is a promising technique for studying the in situ formation of organic nanocrystals by the reprecipitation method within a time frame of few milliseconds. As the vast majority of academic and industry research on the mechanism of nanosized crystal formation is focused on inorganic compounds, it was valuable to address that the stopped-flow method can be used as a tool for studying the mechanism and kinetics of organic nanoparticle formation.
The results obtained suggested that the kinetics of the organic nanomaterial formation process by the reprecipitation method qualitatively obeys the classical nucleation theory. By correlating nanocrystals growth with a well established theory, the work presented here can have a meaningful influence on future developments regarding organic nanoparticle production. Moreover, it was clearly elucidated that it is possible to manipulate sizes of organic nanomaterials produced by the reprecipitation method by the addition of a foreign organic substrate, namely, N,N'-bis(2,6-dimethylphenyl)-3,4,9,10-perylenedicarboxyimide (DMPBI). While providing active centers for nucleation, foreign particles facilitate the nucleation process, leading to considerable acceleration in the nanocrystallization process, and ultimately to smaller sized particles. Having specific knowledge on the mechanism of organic nanosized material production while being able to precisely and accurately control its size, material scientists can directly contribute to advancements on society by providing novel methods directed to the production of high demanded nanomaterials. For instance, high performance organic pigments and dyes can be successfully produced with controllable sizes through methods described here. Such materials are extremely industry-attractive for its use on textiles, printing inks, paint and coatings, and plastic.
